
Clinical Pharmacokinetics Review of BLA 98-0286 (Enbrel, TNFR:Fc) . 

Pharmacokinetic Studies Summary: 
- 

1. Protocol 9125, Phase VII Trial to Evaluate the Safety and Effkacy of Recombinant Human 
TNF .Receptor (rhu TNFR:Fc) in Experimental Endotoxemia, an open, label parallel design 
study using 1, 5,10,15,30,60 mg/m2 single dose iv in healthy volunteers, N=13. A subgroup 
of patients (N=l2) were given 10 or 60 mg/m2 and endotoxin to assess its effect on TNFR:Fc 
pharmacokinetics. 

2. Protocol 9203, Phase II Multi-Center Trial to Evaluate the Safety and Efficacy of 
Recombinant Human TNF Receptor (rhu TNFR:Fc) in Sepsis Syndrome, a double blind, 
randomized placebo-controlled parallel designed study using 0.15,0.45, or 1.5 mgkg single iv 
dose in sepsis patients (N=85). 

3. Protocol 16.0001, Phase I/II Trial to Evaluate the Safety and Efficacy of Recombinant Human 
TNF Receptor (rhu TNFR:Fc) in Human Immunodeficiency Virus-l Infection, an open label 
parallel design study using 0.25, 1, or 2.5 mg/m2 single dose SC and then 0.125,0.5 or 1.25 
mgfm2 SC twice weekly for 8 weeks in HIV positive patients (N=7). 

4. Protocol 16.0002, Phase I Study of Recombinant Human TNF Receptor:Fc (rhu TNFR:Fc) in 
Patients with Active Rheumatoid Arthritis. 

5. Protocol 16.0006, Pharmacokinetic and Bioavailability Study of Radiolabeled Soluble TNF 
Receptor in Normal Volunteers in Active Crohn’s Disease and in Active Rheumatoid Arthritis, 
using radiolabeled 1,2,4, 8, 10, 16, or 25 mg/m2 SC; 16 mg/m2 as a single dose iv; 10 or 25 rng 
as a single SC dose in an open label, parallel group design in healthy volunteers, RA or Crohn’s 
disease patients (N = 15). 

6. Protocol 16.0008, Multi-Center Study of Retreatment of Active Rheumatoid Arthritis with 
Recombinant Human TNF Receptor (rhu TNFR:Fc), an open label parallel design using 25 mg 
sc dose twice weekly in lU patients (N=28) DMARD-failing for 6 months. 

7. Protocol 16.0010, A Pharmacokinetic and Absolute Bioavailability of Lyophilized TNFR:Fc 
in Normal Volunteers. 

8. Protocol 16.0017, A Bioequivalence Study Comparing TNF Receptor (TNFR:Fc) from Two 
Different Manufacturing Sites, an open label randomized, crossover study using 25 mg dose SC in 
healthy volunteers (N=26). 

Study Review: 

1. Protocol 9125, Phase I/II Trial to Evaluate the Safety and Efficacy of Recombinant Human 
TNF Receptor (&I TNFR:Fc) in Experimental Endotoxemia, an open, label parallel design 
study using 1,5, 10, 15,30,60 mg/m2 single dose iv in healthy volunteers, N=13. A subgroup 
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of patients (N=12) were given 10 or 60 mg/m2sd endotoxin to assess its effect on TNFR:Fc 
pharmacokinetics. 

This study was divided into two parts: part A which evaluated the safety and pk of a single iv 
dose in normai individuals and part B which evaluated the safety, activity and pk of 10 or 60 
mg/m2 given iv to normal prior to a 4 ng/kg challenge of endotoxin. TNFR:Fc or placebo was 
given in a total volume of 100 ml.over 30 minutes. When gifenendotbxin was,_$rninistered~ iv 
immkdiately after TNFR:Fc over ,i to 2 minutes. *.. ‘- ‘., . ‘. - 

Pharmacokinetic data were fit to a two compartment model. AUC was computed using a 
trapezoidal method. Total body Clearance was determined as Dose/AUC and t1/2 was 
computed using the terminal elimination constant taken from the two-compartment model, see 
tables below for values. This method of calculating the tl/2 was different than that used in the 
other studies. The method using the two compartment model to determine the final elmination 
t l/2 is expected to yield larger a estimation of t1/2 than other means of its computation. 

TNFR:Fc delayed fever and attenuated leukopenia and leulcocytosis but did not antagonize other 
clinical effects of endotoxin. Both rhu TNFR:Fc doses decreased TNF-a bioactivity and IL-8, 
IL-1 a and G-CSF levels. Low dose of TNFR:Fc decreased IL-6 levels. Without, endotoxin 
challenge, the tl/2 was calculated to be 73 hours (range 58 to 85 hours) and AUC and Cmax 
were observed to be proportionate to dose. With challenge at the high dose, clearance was 
increased, AUC and Cmax decreased, t l/2 was unchanged. 

Dose, mgIm2 Cmax, @ml AUC, ug-hr/ml tlI2, hr Cit, mVhr/m2 

1 0.4 45 85 23 

5 2.1 159 71 32 

10 - 3.8 305 63 33 

15 8.8 586 58 26 

30 14.3 1006 77 30 

60 42.4 2056 82 29 
‘able of pharmacokinetic values for normal volunteers given TNFR:Fc and no endotoxin. As 

group size is only 2 or 3, no standard deviations are shown. 

Dose, mg/m2 

- 10 

Cmax, @ml 1 AUC; ug-hr/ml tV2, hr Clt, mlMm2 

E+ E- E+ E- E+ E- E+ E- 

- 3.8 3.8 368 305 63 76 32 33 
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Dose. mg/m2 Cmax, @ml AUC?t+g-hn’ml t1/2, hr Clt. ml&r/m:! 

60 22 42 1325 2056 82 61 46 29 

Table illustrating the effect of endotoxin on the pharmacokinetics of TNFR:Fc. E+ is ivith 
endotoxin challenge and E- is without. As the group size in the non-challenged group are too 

. . small for statistical analysis, no standard deviation is shown. _~ _ - - 

2. Protocol 9203, Phase II Multi-Center Trial.to Evaluate the Safety and Efficacy of 
Recombinant Human TNF Receptor (rhu TNFR:Fc) in Sepsis Syndrome, a double blind, 
randomized placebo-controlled parallel designed study suing 0.15,0.45, or 1.5 mgkg single iv 
dose in sepsis patients (N=SS). No pharmacokinetic data were submitted in the study reports. 
Although various pharmacokinetic endpoints like clearance are reported in the summary 
documents, the original, raw data and methods of calculating the pharmacokinetic endpoints are 
not reported. 

3. Protocol 16.0001, Phase I/II Trial to Evaluate the Safety and Efficacy of Recombinant Human 
TNF Receptor (rhu TNFR:Fc) in Human Immunodeficiency Virus-l Infection. This study is an 
open label parallel design study in HIV positive (N = 7) patients given a loading dose (0.25, 1, 
or 2.5 mg/m2) SC and then 0.125,0.5, or 1.25 mg/m2 SC, respectively, twice weekly for 8 weeks. 
Study dates Ott 1993 thru Sept 1994. Lot FXHOOOZA and FXH0002G. 

HIV infected patients were given an initial loading dose and subsequently a maintenance dose 
which was one half the loading dose as indicated above. Following the initial dose, serum was 
collected for pharrnacokinetics at 0, 1,4,24 48 and 72 hours after injection. Additional trough 
serum levels were collected at weeks 2,4, and 6 just prior to injection and at 24,48, 72, 368 (day 
7) and 336 (day 14) hours after the final dose of TNFR:Fc. 

No analysis of the pharmacokinetic results were provided in the individual study report; 
however, the results of an analysis were cited in the summary of studies. Two subjects -- 
and - did not have their doses recorded and presumably telong to the 0.250/O. 125 mg/m2 
group. With repeated dosing, the majority of individuals showed accumulation in their steady- 
state levels suggestive of a decreased clearance. To illustrate this event, serum samples from 
comparable collection periods from week 7 were divided by those from week 1 and presented in 
the table below. Serum levels were standardized by dividing the serum level by dose before a 
ratio of serum levels by time was computed. 

--- - -_ - -. -. - 

23 h 5.8 2.2 11.6 1.3 ns ns 6.5 ‘1.7 2.0 

48 h 3.3, 1.7 6.6 1.4. ns ns .5,7 2.9 1.4.. 

72 h 2.5 1 4.9 1.9_ ns ns 3.8 1.4 2.3 
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Table of pharmacokinetic ratio of serum le\*elsom week 1 and 7 for HIV infected individuals. 
(ns indicates no sample was ax’ailable for analysis) 

4. Protocol 16.0002, Phase I Dose-Escalation Study of Recombinant Human TNF Receptor (rhu 
TNFR:Fc) in Patients with Rheumatoid Arthritis. Lots FXH0002A, FXH0002C, FXH0002D, 
FXH0002H. Study dates May 1993 *&r-u May 1994 

” xi; &d$ ~!~‘*~~i~J&&~t$ ~~~b~k_blitt$;;;i;ldomized place~~_cbnti;dlled‘doser escalation study. . . . 

in RA patients using 4 , 8, 16, or 32 mg/m2 as a single iv dose and then 2,4, 8, or 16 mgim2 SC 
tlvice weekly for 4 weeks (N=15). The initial iv dose served as a loading dose which was 

; :. .follp\?Ied,by a sc. dosing at pne@f_$e iv dose ,(dos~pg.grou~s.~~~~ted as.JR g/4,$6& and: 
32/l 6 mg/m2). The iv dose w*as administered on day 1 of the study with the SC dosing begun on 
day 4. initially, 4 patients were enrolled a dosing cohort with 1 or 4 to receive a placebo. The 
blind was broken after each cohort, and the patient given the placebo was then eligible to receive 
TNFR:Fc in an open-label manner. Additionally, patients were enrolled in the 16/8 and 32/l 6 
mg/m2 as open-label dosing groups to obtain safety data. 

Serum samples were analyzed from 15 patients. Limited serum samples were determined after iv 
and SC administration. Samples were taken just prior to treatment, immediately after the end of 
iv infusion and 1,24,48 and 72 hours post iv infusion. During SC treatment on days 8, 15,22, 
and 29, serum samples were taken as trough levels, just prior to dosing and daily for 6 days 
(study days 30 - 35) after the last day of sc treatment. Monomeric receptor (TNFR) was 
detectable pre-injection in 12 patients. The iv data is characterized by some deficiencies: two 
patients have infeasible levels and an immediate post iv dosing sample is missing in another 
patient. An insufficient number of sample collection times were collected during the iv phase of 
the study to make tl-e t1/2 estimates reliable. For SC dosing, serum levels are expected to rise 
during repeated SC dosing but were actually found to decline. Accordingly to the mathematical 
prinicples which form the basis for pharmacokinetics, dosing on the tlR should yield a steady- 
state serum level twice the initial level at 3 to 5 half-lives. Given the apparent t1/2 of 70 to SO 
hours from the population pharmacokinetic analysis and other pharmacokinetic studies, patients 
should show successive rises in serum levels of TNFR:Fc upon repeated SC dosing twice weekly 
(ie., a dosing interval of 84 hours ), but this was not observed. The reason for the variance of 
serum levels from that predicted by the t1/2 and dosing interval to that actually observed is not 
known. This decreasing level is the likely explanation for the reported increase in clearance 
reported by the sponsor in this study (see table below). The reported increase in clearance stand 
in sharp constrast to the decrease in clearance reported to occur in rhematoid arthritis patients by 
the population pharmacokinetic analysis. According to the population pharmacokinetic analysis, 
“patinets \vith RA had somewhat reduced clearance compared with subjects without RA. 
Assuming an age of 40 years, TNFR:Fc clearance would be 0.106 L/h in a subject without RA, 
compared with 0.0664 L/h in a patient lvith RA.” After the 4 dosing interval, systemic levels 
appeared stable-in a few cases but generallytdeclined in.a manner consistent .with the’tW2 in the 
post SC dosing period. Significant levels of sFR:Fc continued beyond the final observation 
during the post SC dosing (6 days) period. Generally, patients showed wide variation in their 
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serum levels. 

Dose, mglm2 N Cmax. @ml AUC. ug-hr/ml CWF, L/hr/m2 

2 3 0.2 ‘ 17 0.36 1 

5. Protocol 16.0006, Pharmacokinetic and Bioavailability Study of Radiolabeled Soluble TNF 
Receptor in Normal Volunteers, in Active Crohn’s Disease and in Active Rheumatoid Arthritis, 
using radiolabeled 1,2,4,8, 10, 16, or 25 mg/m:! SC; 16 mg/m2 as a single dose iv; 10 or 25 mg 
as a single SC dose in an open label, parallel group design in healthy volunteers, RA or Crohn’s 
disease patients (N = 15). Lot FXH0003. Study dates Feb 1996 to Nov 1996. 

This is an open, label Phase 1 study of the pharmacokinetics of TNFR:Fc in normal .volunteers 
(N = 8). Crohn’s disease patient (N = 1) and patients with active RA (N = 6, 3Idose). Single 
injection SC or iv were given using a variety of doses. Drug levels were assessed by tracer 
radiolabelling techniques or ELISA. Part A investigated the pharmacokinetics of a single dose 
gi\ven SC at 1, 2.4, 8, or 16 mg/m2 with llzs TNFR:Fc to healthy volunteers; part B was a single 
dose given iv at 16 mg/m2 using I 13’ TNFR:Fc to active Crohn’s disease patients; part C was a 
single SC dose of 10 me, (6 mg/m2) or 25 mg (16 mgIm2) in active R4 patients. 

Pharmacokinetk endpoints were determined using noncompartmental methods; AUC by the 
trapezoidal rule and t1/2 by last concentration/p. AUCT is the AUC to the last measured serum 
concentration and AUC is reported as extrapolated to infinity. Clt was determined by 
DoseIAUC. Serum samples were collected at pre-dosing (within 30 minutes), immediately ? al 
injection volumes (1.25 ml/each) and administered as 2 different sites. The single iv dose in part 
B (16 mgIm2) was infused over a 30 minute period. 

Bioa\*ailability could not be determined as no individual received both SC and iv doses. Peak 
drug levels after SC injection often occurred between days 3 and 4. The t1/2 could not be reliably 
determined as the duration of sampling (192 hours) was inadequate to characterize the terminal 
elimination phase. The t1/2 was reported by the sponsor to range from 84 to 171. hours. 
TNFR:Fc appeared to distributed to all organs inch zhng bone, liver, lungs, spleen and kidney. 
Doses of 1.2.4 and 8 mg/m2 appeared to exhibit a dose-dependent reduction in Clt tih,hich reach ’ 
a nadir at 8 mg!&; no difference 1~2s apparent between 8 and 16 mglm2. Due to the small 
numbers of subjects involved in the estimate, no definitive conclusion regarding the relationship 
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between Clt and dose can be determined at this time. Changes in the relative extent of absorption 
from the site of injection could also contribute% a decreased apparent clearance. 

Pharmacokinetics results are presented below. Tmax was obsenred to be 48 (4/5 doses) or 60 
hours in part A, 56 and 72 hours in part’c. 

. : . . . .‘. *.i:. ‘. 

standardized by dose) 
N=2 = 1 N=l 

.; -4v~.rg-~/~~:.._.~,:.*.:,._ );J~-~~,F~.~=.t,~a::.::, “:..*.,J~~.*..., ::.:.!.~~.82-~*J:.;.~~,,~~o~~.;:.*1.. - 
(AUCIDose) . * . (11) ‘(25). ‘(30) . (23) *I w 

Cmax, @ml 0.05 0.28 0.51 0.94 1.89 

Clt, ml/hr/m2 234 135 104 88 100 

Table of pharmacokinetic results from study 16.0006. Mean of SC dosing in healthy volunteers 
(part A) 

Pharmacokinetic endpoints Part B, 16 mg/m2 PartC, lOmgsc, Part C, 25 mg SC, 
(AUC standardized by dose) iv N=l N=3 N=3 

AUC, ug-hr/ml 267 296 
(AUCYDose) (17) (12) 

II Clt, ml/hr/nQ I 100 I 69 I 45 

II Half-life, hr I 41 I 102 I 171 

Cmax, us/ml I 6.3 I 0.4 I_ 
Table of mean phannacokinetic endpoints from parts B and C, study 16.0006. 

1.2 

6. Protocol 16.0008, Multi-Center Study of Retreatment of Active Rheumatoid Arthritis with 
Recombinant Human TNF Receptor (rhu TNFR:Fc), an open label parallel design u.sing 25 mg 
SC dose twice weekly in RA patients (N=28) DMARD-failing for 6 months. Single serum 
samples were reported for this study of which 1 sample was collected during week 2,2 samples 
during week 12 and 25 samples during week 24 of sc dosing. Sampling times after dosing are at 
listed in the study report, although a graph was provided by the sponsor indicating sampling 
serum levels and days after last dose. Assuming steady-state levels an apparent clearance of 57 
ml/hr/m2 was reported. 

. . . 
. . ; . . . 

;_ ‘jyotb’c~l’jk’lg)l (j,‘~‘~&&-_& ;;a .~b;;j,t; iii~~~,~~~ab~~~y~~~ud~~f Lyph3;ilized 

Recombinant Human TNF Receptor (rhu TNFR:Fc) in Normal Volunteers. Lots FXH 001188. 



BLA 98-0286 7 

This study \vas an open label crossovrer study using IO mg dose SC and 10 mg iv. in healthy 
volunteers (N=6; two groups of 3 each). Ten mg is approximately a dose of 5.7 mg’m2 giv.en to a 
70 kg individual. The study was considered a crossover study by route of administration rather 
than by, formulation as subjects were @*en a SC followed by an iv infusion o\‘er 30 minutes. 
Injectins were separated by 2s days. 

estimated using times of 72 hour and later for iv. dosing and 133 hours and later for SC dosing. 
Bioavxilability v~as computed as the ratio of AUC’s by route (SC/iv.). 

Sampling times for the SC route beginning on day 1 of the study were collected over.vvaious time 
. . .. from 0 to 480 hours after injection. Samplecollection was different for the two groups; the 

nujber of samples was decreased in the second cohort of individuals. See page 18, section 6.0 for 
details. 

Sampling times for the iv beginning on day 28 of the study were collected between 0 and 3 12 
hours after injection. Sample collection was different for the two groups; the nujber of samples 
\vas decreased in the second cohort of indkiduals. See page 19, section 6.0 for details. 

The pharmacokinetic results are summarized in the table below: 

Phannacokinetic endpoint SC (N=6) IV (-N=6) 

AUC. @x/ml 82 139 

Tmax, hr 66 0.8 

Half-life, hr 92 72 

j Bioav*ailability (%) 5s - 

Table summarizing the pharmacokinetics after SC and iv administration in normal volunteers. 

8. Protocol 16.0017, A Bioequivalence Study Comparing TNF Receptor (TXFR:Fc) from Two 
Different Manufacturing Sites, an open label randomized, crossover study using 25 mg dose SC in 
healthy v*olunteers (X=26). 

Initial clinical material for TNFR:Fc \vere made at Immunex Corporation. 
- and later, in anticipation of commercial manufacturing needs, at -- - 

--c-~-. . The cross-over pharmacokinetic study was conducted to compare the kinetics and 
.:. . .; safety .profiles oM3lFR:Fcproduced at ‘each itie u4ingwa 25 kg (16 mg,/m2) ‘single’sc dose in 

health!. l’olunteeis. Twenty-six healthy \*olunteers w’ere randomly assigned to one of two 
treatment sequences based on the site of production: group 1 1. -L. -day I-------’ day 29) or 
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group 2 (--- day 1. -day 29). Treaments were separated by 28 days. Blood samples 
were collected just prior to drug administration (time 0) and at the following times after SC 

injection: 2,4, 12,24,36,48, 60,72,96, 120, 144, 168,216,264,3 12,384,480. Whole blood 
was collected and serum samples used for the analytical assay (ELISA, limit of quantitation 0.3 
ng/ml). The ELISA does not distinguish between TNFR:Fc and endogenous TNFR. 
Pharmacokinetics parameters were computed. using noncornpartmental techniques. A number of 

_ ,: pha&$cokinetic;endpoints~~ &tertnined:.MCT ‘(AUC to l~~~mia+xl~tiin’e pOiritt;lAUC ’ 
..~~~~~ti@&~ f&tignitj;ip$f*&i c~~.~_~~~~,~,.~f~~~~~~~en~~~~ 

body clearance as Dose/AUC, aka Cl/F). The ANOVA to analyze the results included factors for 
sequence, subject within sequence, production site, day, as well as pharmacokinetic endpoints. 

konditions forlog transforrn’ed dataa:. . Minor variations in sknple collection time occurred in the : 
course of the study; these do not significantly effect the results of the study. Only 4 females 
were enrolled in the study. 

Types and grades of adverse events which occurred during the study were tabulated and 
summarized by body system and compared descriptively between the two manufacturing sites. 
A modified NC1 Common Toxicity Criteria were used for grading adverse events. All subjects 
completed the study without any withdrawals. Two subjects required acetaminophen for 
headache, 1 subject was given cephalexin for a sore throat and the same subject was given 
diphenhydramine for hives. No differences were observed in adverse event rates between 
material produced at- - - or --- 

The ratio of the AUCT mean for - relative to ‘-----_ material was 1.04 and the 90% 
confidence interval was 0.94 to 1.15. Similar results were demonstrated using AUC (mean 1.04 
with confidence interval of 0.94 and 1.16) Therefore, the -.--- and --- material are 
pharmacokinetically equivalent as their values are inside the boundary of 0.8 and 1.25. 
Pharmacokinetic endpoints derived from the data are presented below: 

Pharmacokinetic endpoints M site ___.~ site 

AUCT, ug-hr/ml 231 f 96.1 241 f 76.0 

AUC, ug-hr/ml 235 f 96.9 245 f 76.6 

Tmax, hr 48* 19 49 f 1.7 

Cmax, ug/ml 1.64 f 0.75 1.65 f 0.66 

t1/2, hr 72k 14 72& 14 

Clt; nil/k ‘<’ . .* . _I ;; . .*-_..I’,, ..].3x*g’r ..:$, -‘... ..: * ,.‘. ;.._*i 2. “.114’**42’ :.8:‘,..‘: :.I-1 

rable of pharmacokinetic values for the cross-over pharmacokinetic equivalence study using 
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normal volunteers (mean f SD). 

Population Pharmacokinetics 
, 

.* 

For the population pharmacokinetic, analysis, serum samples from 7 .of 8 studies reported above . 

%ver$.combined$ith datkf?or&pn+coIs 16.0()04: f6:QOI4_ j9ive’n~~~~~~~~~~;I~~,O~l6 . 
.:.ggpw; $&wg.$cd $g+g ,i&glE. ~~2%&jay~~sj~ bffg.Ji& .#$h &tiy fgjj&@ 

were not used in the population pharmacokinetic analysis. Altogether 10 studies were combined 
in ppk. Individual serum samples from various studies which were considered to be outliers . 

were excl $.~A 2k4.& 4,‘c.: r.:r’;r.’ * . +d fian, ‘$e p~$$ti@~p~p4ysislysing t&g@ apdpi~ x&i&~f6)upd io.+.i 
mflunci the estrmate of the central volume of di&ib&n.~ The &.&I volume’& ad&nis&tion 

. 
. . .a, . was’found to be 737 L and- of steady-state volume of distribution 10.4 for a 70 kg ‘individual. .’ 

Clearance was reported to be 70 mg/h in patients with IU and 110 ml/h for healthy volunteers, 

Martin D. Green, Ph.D. 

. . 


